The 2001 World disasters report of the International Federation of Red Cross and Red Crescent societies reports that floods account for over two-thirds of the annual average of 211 million people affected by natural disasters and, while floods prove less deadly than other natural disasters, floods internationally have resulted in nearly 100 000 deaths in the ten years from 1991-2000 ( Fig. 1) . 1 The cost of damage inflicted by disasters is difficult to estimate but Munich Reassurance, in its report on flooding and insurance, suggests that, in economic terms, floods were responsible for about a third of the overall losses caused by natural disasters in the period 1986-1995, a sum in excess of $130 billion (Fig. 2) . 2 As noted in an earlier report by the Red Cross and Red Crescent societies With 10% of the population of England and Wales and assets with a capital value of over £200 billion at risk the potential impact of flooding on the welfare economy of this nation and its people is significant.This paper describes the UK government's perspective of flood risk and its response which has reduced potential annual average losses from £3.5 billion to £0.8 billion. overall floods appear to be the most destructive in terms of magnitude and human impact.
With such destruction and human misery we must often be tempted to ask why is man so stupid to dwell in such risky locations while forgetting, perhaps, the importance of water to our health and well being. In addition, river valleys provide important routes for transportation and defence, and the flatlands beside the river and the coast are the most fertile and easily farmed (Fig. 3) .
In a television report on the 1993 Mississippi floods, a farmer said that the bottom land was 40-50% more productive than the lands higher up the valley so, of course, he would return to his farm once the floods subsided and accept the continuing risk, saying that the increased return was worth the risk of flooding.
It would seem therefore that floods are a natural disaster with which man has to learn to live.
Flood risk in England
England is fortunate in that it does not suffer the extremes of climate witnessed by other countries. It is perhaps easy therefore to think that floods only impact on other nations, a myth as many learnt in autumn 2000 when the country was ravaged by one of the worst floods in living memory (Fig. 4) .
Given the potential impact of flooding even in the UK, it is surprising perhaps that until the comprehensive spending review there was not an overall appreciation of the potential national economic impact of flooding. This review indicated that the perceived risk of flooding was probably underestimated and that there was a need for increased investment.
The UK government's Department for Environment, Food and Rural Affairs (DEFRA) subsequently commissioned two reports on the national assets at risk from flooding from a consortium comprising HR Wallingford, Halcrow, the Flood Hazard Research Centre at Middlesex University and John Chatterton Associates. 3 These reports confirmed and built on the comprehensive spending review and demonstrated that some 10% of England and Wales' population live in flood risk areas (Table 1) .
A positive outcome of the latest report was to demonstrate that previous investment in flood and coastal defence had reduced the annual average damage
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Government response
Government's have long recognised the risk of flooding to the nation and the need to undertake flood mitigation measures. In the nineteenth century such measures were largely directed towards food production in order to meet the needs of an ever increasing population which often suffered the ravages of starvation and consequential ill health. In later years, with food production being less of a problem, attention was directed towards reducing the risk of loss of life and to maintaining economic prosperity; our industrial and transport infrastructure often being located in flood risk areas (Fig. 5) .
In recent years there has been recognition that flood and coastal defence measures can have a significant impact on the environment. Approaches to flood mitigation have subsequently been adjusted in order to avoid damage to the environment and to retain biodiversity. It was in 1993 that the UK government's Ministry of Agriculture, Fisheries and Food (MAFF, predecessor to DEFRA) set out a comprehensive policy framework including its overall policy aim and objectives. Its published policy aim was 'to reduce risks to people and the developed and natural environment from flooding and coastal erosion by encouraging the provision of technically, environmentally and economically sound and sustainable defence measures'. 4 Over the years funding has generally increased, especially in recent times, although recent research has demonstrated the level of funding is still insufficient to meet our needs. However, floods, like any natural disaster, cannot be stopped, man can only manage the risk. Other measures must be taken if we are to be able to live with floods.
The east coast tidal flooding of 1953 showed how important flood warnings were in reducing the risk of loss of life. In that event nearly 300 people lost their lives, in a large part resulting from there being no effective flood warning system. The rising waters came upon them suddenly, without warning and trapping many in their homes. They had no time to evacuate or to take any rudimentary precautions to protect their lives. A welllearned lesson and from that point on this country has invested significantly in an effective flood warning system. Indeed, an efficient and effective flood warning system remains the government's highest priority. The result has been a significant reduction in risk to life.
A comprehensive continental shelf model operated by the storm tide forecasting service at the UK Meteorological Office provides warning against the possibility of tidal inundation (Fig. 6 ). Weather radar, river monitoring, rain gauges, and river models, all operated by the Environment Agency, provide warnings against potential fluvial flooding. Such warnings can allow the population to take measures to protect their lives and their property.
However, as was shown in the floods 
'' ''
In recent years there has been recognition that flood and coastal defence measures can have a significant impact on the environment of 1998 and 2000, flood warnings could be more effective and just as important, and the population should be informed prior to the event so that they know what to do on receipt of a flood warning. In response to this need, the Environment Agency, with government support, intends to invest over £100 million over the next ten years in their flood warning systems. This will include repeated flood awareness campaigns to reinforce the message that floods do not just happen to other people (Fig. 7) . We must put the population in a position where they are not taken by surprise by flooding and instinctively know what action to take. Whereas the importance of river valleys in the economic development of the UK should be recognised, the potential for increased damage due to flooding should be kept under control. The pressure to develop the floodplain and the need to keep the development under control was summed up in the following abstract from Flood Plain Management -Iowa's Experience.
We are all aware of the attractiveness of the flat level land so characteristic of rivers and flood plains and realise their historical role in the development of transportation and industry in this country. The flood plain has proven equally attractive for residential development and agriculture. Furthermore, because of its uncertain situation with regard to flooding, it is usually cheaper than land not subject to flood. Because of this and the ease with which construction can be carried out, flood plain land proves unusually attractive to people wishing to undertake enterprises which have low initial cost, low that is, in comparison with the initial cost of alternative locations. When the inevitable flood occurs and great damage ensues, these people are the first to clamour for immediate emergency assistance which, as we have recently observed in Iowa, has to be provided at great expense to the governmental agencies involved. This phase is then followed by another in which financial support is requested from the federal government, or from the state or city, for flood protection works. The latter activity is a foregone conclusion after a great flood has subsided, as evidenced in several Iowa cities and towns, including Ottuma, Sioux City, Waterloo, and most communities along the Mississippi River. Although impressive and in large measure effective such engineering works for flood protection as dams and reservoirs, levees, floodwalls and channel improvements are costly measures; as a result, flood damages must be large to justify economically the cost of the proposed protection works. Thus the flood damage potential often remains unchanged and may even increase if investment continues unabated. Furthermore, complete flood control is not usually achieved; but the public with complete faith in the protection works, rushes in with construction clear to the river bank, little realising that damage frequency has been reduced but not its inevitability. the Environment Agency, with government support, intends to invest over £100 million over the next ten years in their flood warning systems
The UK government has recently released planning policy guidance note 25, Development and flood risk, in an effort to ensure that planning authorities think carefully about the risk of flooding before allowing development to proceed. 6 
Role of engineers
At the launch of the Flood Estimation Handbook in February 2000 7 the then president of the Institution of Civil Engineers (ICE), Professor George Fleming, offered to Elliot Morley, the Minister for Flood Management, the assistance of the ICE in delivering the government's flood and coastal defence policy aim. In doing so, he recognised the key role that members play in delivering flood mitigation. Engineers' input is crucial but there is a question of whether we are sufficiently forwardthinking and visionary in our approach to flood and coastal defences.
In its published strategy for flood and coastal defences in England, MAFF emphasised the importance of a strategic approach. 4 It made the point that, in the past, defence measures were often planned and implemented on a one-off site-specific basis. Such an approach not only restricted engineering options but also ensured that not all costs and impacts were taken into account, with the result that options were often limited to merely replacing on a like-for-like basis. This often perpetuated previous, sometimes inappropriate, solutions.
As well as emphasising the importance of a strategic approach, MAFF launched its shoreline management planning initiative and in recent times its successor, DEFRA, has launched the catchment flood management plan initiative. The objective of both initiatives is to encourage planning for flood defences on a broader spatial and temporal basis. Such an approach is natural to engineers, it is part of their training, but experience suggests that it is questionable whether engineers are sufficiently forward-thinking in their approaches to the delivery of flood and coastal defences in this country. The support for a strategic approach given by the ICE presidential commission Learning to Live with Rivers is welcome. 8, 9 The civil engineering profession has, in recent years, extensively reviewed its procurement methods in order to achieve better value for money. 10 This is equally true of flood and coastal defences where not only have we seen changes to the more conventional procurement methods of government agencies but also trials of the public private partnership in the Norfolk Broads and at Pevensey on the Sussex coast. Both of the schemes demonstrate the advantages that can come from the private sector and the public sector working in unison. It allows a considered approach which integrates design and construction, brings private sector skills and initiatives closer to the public sector, promotes integrated management, promotes better risk management and provides long-term commitment.
The future
There can be no doubt that the climate is changing and changing in a way that will increase flood risk. Sea levels are rising as the oceans expand and as the south of the country sinks relative to sea level. In addition, the possibility of increased winter rainfall will increase the risk of fluvial flooding. Fortunately, these changes will not significantly increase the area at risk of flooding, thus the task of providing flood mitigation is less onerous and is likely to be economically worthwhile. However, while the population itself is not increasing significantly, we have demographic change with more households being set up and requiring more houses, thereby putting pressure on that desirable, flat, valley-bottom land.
We are also likely to see changes to our response mechanisms, with perhaps less use made of formal hard concrete defence measures and greater use of more natural features and, perhaps even to a limited extent, changes to the way that our farmland is managed. However, land use changes are unlikely to contribute significantly to changing flood risk since, at times of extreme flood, land use has less impact on total runoff than during more normal everyday events.
Hopefully one of the most significant changes we may see is in the role and response of the engineering profession, responding no doubt to the ICE presidential commission to review the technical aspects of flood risk management outlined in Learning to Live with Rivers.
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What do you think?
If you would like to comment on this paper, please email up to 500 words to the editor at simon.fullalove@ice.org.uk. If you would like to write a paper up to 2000 words about your own experience in this or any related area of civil engineering, the editor will be happy to provide any help or advice you need.
